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0^ , Using continued fractions we obtained the exact result for the den- 

sity of magnon states of the regularly alternating spin-i XX chain with 
Dzyaloshinskii-Moriya interaction. We examined the stability of the mag- 
netic chain with respect to the spin-Peierls dimerization. 
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■ Since the discovery of the inorganic spin-Peierls compound CuGeOa the in- 

terest in the properties of spin-Peierls systems considerably increased [1]. The 
O ■ models that can be examined exactly play an important role in clarifying the 

generic features of such systems. An example of such a model is the spin-i XX 
chain that was studied in several papers [2, 3, 4] (note, however, that in the non- 
adiabatic limit such a spin chain does not permit exact analysis [5]). The aim 
' of the present study is to examine the influence of an additional Dzyaloshinskii- 

Moriya coupling on the spin-Peierls dimerization. The presence of such a term 
for CuGeC>3 was proposed in [6, 7]. The multisublattice spin-^ XX chain with 
the Dzyaloshinskii-Moriya interaction was introduced in [8]. In our study we 
follow the idea of [2] and compare the total ground state energy of the dimer- 
ized and uniform chains. However, in contrast to previous works [2, 3, 4, 8] we 
use the continued-fraction representation for the one-fermion Green functions [9] 
that allows a natural extension of the calculations for more complicated lattice 
distortions having finite period. 

We consider N — ► oo spins \ on a circle with the Hamiltonian 



S n S n+l S n S n+l) • (1) 
(1) 



2 



After the Jordan- Wigncr transformation one comes to tight-binding spinless fcr- 
mions on a circle with complex hopping integrals. We introduce the temperature 
double-time one-fermion Green functions that yield the density of magnon states 
p(E) = T^v J2n lmG nn, Gnm = Gf lm {E ± it). We further make use of the 
continued-fraction representation for the required diagonal Green functions 

G T = 1 



E±it — fl n — An — An 

T 2 4- D 2 
1 n-l + U n-\ 



E ±ie- O n _i 



E±ie~n„ 



I 2 + D 2 

" 1 " ( 2 ) 
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One immediately notes that for any finite period of varying O n , /„, D n the contin- 
ued fractions A~, A+ involved into GJ n (2) become periodic and thus can be cal- 
culated exactly yielding the exact result for the density of states and hence for the 
thermodynamic quantities of spin model (1). For example, for the periodic chain 
having period 2 fiiiiDi^^-t^^i-Ti-Di ^2-^2-02 ■ ■ ■ the described scheme gives 

C 0, if E < b 4 , b 3 < E < b 2 , 61 < E, 

P(E) = I ^^g^ if b 4 <E<b 3 ,b 2 <E< bl , 

B(E) = 4J?J| - [(E - - fi 2 ) - If - 2f] 2 

= —(E - b 4 )(E - b 3 )(E - b 2 )(E - h), 

{bi < b 3 < b 2 < h} = I ^(Oi + Q 2 ) ± ^(Oi + Q 2 ) ± b 2 



bi = i\/(r! 1 -0 2 ) 2 + 4(|J 1 | + |X 2 p 2 



b 2 = ^ ^ 1 -0 2 ) 2 + 4(|X 1 |-|X 2 |) 2 , (3) 

whereJ2=/2+£)2. 

To examine the instability of the considered spin chain with respect to 
dimerization we may assume = |J|(1 + S), \Di\ = \D\(1 + 5), \I 2 \ = — S), 
I-D2I = — 5), < S < 1 restricting ourselves to a case of the uniform 

transverse field Sli = fl 2 — £1 . The total energy per site £ (S) consists of the 
magnetic part eo(5) that follows from (3) 



eo(S) = -^l dEp(E)\E\=-^E^,l-5')-\n \l--^), (4) 



where the effective interspin coupling |X| = V-f 2 + D 2 has been introduced, 
E(?/>,a 2 ) = J Q d(f)\/ 1 — a 2 sin 2 is the elliptic integral of the second kind, ip = 
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if 2|J| < |fi |, V - arcsiny^^y if 2<5 I J I ^ l fi o| < 2|J|, V = f if |^o| < 25\T\, 

and the elastic part a8 2 . Besides the trivial solution 8* = the equation d£ Jp = 
may have a nonzero one 8* ^ at moderate and weak fields (i.e. |Oo| < 2|X|). 
This nontrivial 8* comes from the equation that follows from (4) 

TTfy I 

W = -^rp ( F (^ 1 - 52 ) i - s 2 )) (5) 

where F(tp, a 2 ) = J„ \/l — a 2 sin 2 is the elliptic integral of the first kind. 

Consider the case £7o = 0. Looking for a solution of Eq. (5) that satisfies 
the inequality 8 <C 1 (that is the limit interesting for applications) one observes 
that the r.h.s. of Eq. (5) can be rewritten approximately as J Q dxj\j8 2 + x 2 
(x = cos</>) that yields 8* <~ exp ^— py)- P os t priori we conclude that the small 
dimerization parameters 8* occur for hard lattices having large values of pr. 

One also notes that the obtained result coincides with the one reported in [2] 
up to a renormalization of the effective interspin coupling |/| — > \X\ = V 'I 2 + D 2 . 
Thus the Dzyaloshinskii-Moriya interaction leads to increasing of the dimerization 
parameter 5* characterizing the dimcrized phase. 

Consider further the case < |£!o| < 2\1\. Varying 6 in the r.h.s. of Eq. (5) 
from to 1 one calculates a lattice parameter pL f or which the taken value of <5 

realizes an cxtremum of £(S). One immediately observes that for < 8 < 1 the 
dependence jjj versus S remains as that in the absence of the field, whereas for 

< S < -jpj the quantity py starts to decrease. From this one concludes that for 

hard lattices the field j^pj = exp ^— makes the dimerization unstable against 
the uniform phase. The latter relation tells us that the Dzyaloshinskii-Moriya 
interaction increases the value of that field. 

It is generally known [1] that the increasing of the external field leads to 
a transition from the dimerized phase to the incommensurate phase rather than 
to the uniform phase. Evidently, the incommensurate phase cannot appear in 
the presented treatment within the frames of the adopted ansatz for the lattice 
distortions SiS 2 SiS 2 ■ ■ ■ , 5\ + 82 = 0. To clarify a possibility of more complicated 
distortions the chains with longer periods should be examined. 

Alternatively, we may also assume different dependences on 8 for the isotro- 
pic coupling and the Dzyaloshinskii-Moriya coupling, for example, |ii| = |/|(l+5), 
= \D\, \h\ = \I\{l-S), \D 2 \ = \D\. Supposing that 8 < 1 after simple rescal- 
ing arguments one finds that the dimerization parameter 8* <~ exp (j~-^jT°^j ■ 
Thus, in such a case the Dzyaloshinskii-Moriya interaction leads to a decreasing 
of the dimerization parameter characterizing the dimerized phase. The value of 

the field which destroys dimerization -jpj = exp ^ — yij 7^°^ decreases as well. 

To conclude, we have analysed a stability of the spin-i transverse XX chain 
with respect to dimerization in the presence of the Dzyaloshinskii-Moriya interac- 
tion calculating for this purpose with the help of continued fractions the ground 
state c:riergy for an arbitrary value of the dimerization parameter. Assuming that 
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the ratio of the Dzyaloshinskii-Moriya coupling to the isotropic coupling does not 
depend on the dimerization parameter we have found that the Dzyaloshinskii- 
Moriya interaction leads to an increasing of the effective interspin coupling and 
thus to some quantitative changes, i.e. to an increasing of the value of the dimer- 
ization parameter which characterizes the dimerized phase and the value of the 
field which destroys the dimerized phase. In the other limiting case when the 
Dzyaloshinskii-Moriya coupling does not depend on the dimerization parameter 
it has an opposite effect leading to a decreasing of the value of the dimerization 
parameter and the value of the field which destroys dimerization. The obtained 
results are in agreement with some earlier studies of the thermodynamic proper- 
ties of spin-| transverse XX chains with Dzyaloshinskii-Moriya interaction [10]. 
Finally, it is known that the Dzyaloshinskii-Moriya interaction may lead to dras- 
tical changes in spin correlations [11] and a study of a relation of these changes 
to the spin-Peierls instability seems to be an interesting issue. 

The present study was partly supported by the DFG (projects 436 UKR 
17/20/98 and Ri 615/6-1). O. D. acknowledges the kind hospitality of the Magde- 
burg University in the spring of 1999 when the main part of the paper was done. 
He is also indebted to Mrs. Olga Syska for continuous financial support. 

References 

[1] For a review see: J. P. Boucher and L. P. Regnault, J. Phya. I France 6, 1939, 
(1996). 

[2] P. Pincus, Solid State Commun. 9, 1971, (1971). 

[3] J. H. Taylor and G. Miiller, Physica A 130, 1, (1985) (and references therein). 
[4] K. Okamoto and K. Yasumura, J. Phys. Soc. Jap. 59, 993, (1990) (and references 

therein); K. Okamoto, J. Phys. Soc. Jap. 59, 4286, (1990); K. Okamoto, Solid 

State Commun. 83, 1039, (1992). 
[5] S. Sil, J. Phys.: Condens. Matter 10, 8851, (1998). 

[6] I. Yamada, M. Nishi and J. Akimitsu, J. Phys.: Condens. Matter 8, 2625, (1996). 
[7] V. N. Glazkov, A. I. Smirnov, O. A. Petrenko, D. M C K. Paul, A. G. Vetkin and 

R. M. Eremina, J. Phys.: Condens. Matter 10, 7879, (1998). 
[8] A. A. Zvyagin, Phys. Lett. A 158, 333, (1991). 

[9] R. Lyzwa, Physica A 192, 231, (1993) (and references for earlier papers therein). 

[10] O. Derzhko and T. Verkholyak, phys. stat. sol. (b) 200, 255, (1997); O. Derzhko 
and T. Verkholyak, Materials Science & Engineering A 226-228, 745, (1997); 
O. Derzhko and J. Richter, Phys. Rev. B 59, 100, (1999). 

[11] V. M. Kontorovich and V. M. Tsukernik, Zh. Eksp. Teor. Fiz. 52, 1446, (1967) (in 
Russian); Th. J. Siskens, H. W. Capel and K. J. F. Gaemers, Physica A 79, 259, 
(1975); Th. J. Siskens and H. W. Capel, Physica A 79, 296, (1975); O. Derzhko 
and A. Moina, Ferroelectrics 153, 49, (1994); O. V. Derzhko and A. Ph. Moina, 
Condensed Matter Physics (L'viv) 3, 3, (1994). 



